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PART A ‘

SYNOPSIS

1. 3"/70 projéectiles of various types, fitted with gilding metal
rotating bands, have been observed to exhibit serious band wear:
that 1s, partial or complete obliteration of the engraving of the
bands recovered after firing., It was desired to investigate the
effect of replacing the gilding metal with soft iron, in order to
determine the results of using a material with a considerably
increased melting point, and if this change would produce a band
which did not fail, to determine the effect upon gun performance.

2, It is possible to fit a 3"/70 projectile with a soft iron
band using precisely the same method of manufacture as for a

gilding metal or copper band, The hardness of such a band is
approximately the same as that of a gilding metal band,

3. Armco ingot iron bands of the standard 3"/70 Ex 24-2 contour,
fired from the 3"/70 gun Type G-3, showed no band wear, Similar
gilding metal bands were almost completely worn away. AS a con-
sequence, the iron bands showed considerably less tendency to
fringe,

Lk, Barrel strain values are little if any higher for iron bands
than for gilding metal bands.

5« On the basis of a renge testv in the G~3 gun of twenty pro-~
Jectiles of each type, the iron banded projectiles gave an average
D/R of 453 and the gilding metal banded projectiles gnve 2,207,

6. Since the major uncertainty about the iron bona is its effect
upon gun wear, 1t 1s recommended that the Bureau of Ordaance tnke
steps to obtain o sufficlent number of iron banded 3%/70 pro-
jectiles to perform a life test on at least two barrels. These
projectiles should be similar to the Type Ex 24-7, except for band
material,
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INTRODUCTION

1, AUTHORITY:
This program was authorized by reference (a).
2. REFERENCES:

a, BUORD Conf 1ltr NP9 Re3b~RS:mt Ser 24422 of 15 August 1951
b, NPG Report No., 626 of 18 August 1950

ce« NPG Report No. 750 of 20 March 1951

d, NPG Report No, 787 of 2 June 1951

es; NPG Report No, 860 of 13 October 1951

f. NPG Range Sheets Nos, 130 and 131

3. BACKGROUND:

It has been suspected for some time that the poor accuracy
results obtained with the 3"/70 gun were at least partially to be
attributed to the failure of the gilding metal .,otating bands, 28
might also be attributed the body engraving of the projectiles and
the spiral wear of the gun. The obscrved phenomena were described
in references (b), (c), (d), and (e), and refervence (b) suggested
that the band wear (partial or complete obliteration of engraving)
might be caused by "loss of copper on the driving edges by abrasion,
or by local frictional heating to the point of loss of strength or
actual melting", Reference (b) recommended "that a few 3"/?0 pro-
jectiles be fitted with soft iron bands of contours similar to
those in currcnt use, and fired for recovery to determine whether
the higher melting point of the iron will producc improvecment in
the performance”,

CONFIDENTIAL
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PART G ¢

DETAILS OF TEST

L, PROCEDURE AND RESULTS:

The Proving Ground found that it was possible to apply a soft
iron band (Armco ingot iron) in exactly the same manner that
copper or gilding metal bands are applied, that is, by swaging on
a ring of the material in a standard banding press. The swaging
was done on a West Tire Setter #2 at a gauge pressure of 900 p.s.i.,
on materlal at room temperature; and the bands were then mochined
to finished dimensions, No excessive work hardening was caused by
the process., Chemical analysis and tensile test results for the
Armco 1ror used, which was in the form of bar stock, as well as
comparative hardness readings for the iron bands and for standard
3"/70 gilding metal bands are given in Table III, Appendix (B).

It 1s seen that the iron bands fall within the hardness range of
the gilding metal bands,

Three 3"/70 projectiles Ex 24~2, furnished to the Proving
Ground for experimental work without band or band score, were
fitted out with two i" Armco iron bands, diamcter 3709, in
accordance with Figure 14, ~nd were fired for recovery from the
3%/70 gun Type G~3 along with threc projectiles with gilding metal
bands of the same contour and applied in the same manner, for com-
parison, Detalled results are given in Table I, Appendix (4), anc
typical photographs of the recovered projectiles are shown In
Figures 3 and 4, ippendix (E).

Since the muzzle strain results and the hardness valucs showed
not much difference betwecn iron and gilding metzl, it was decided
that 1t would probably be safe to fire iron bended projectiles
with the standard 3"/70 band contour, Accordingly, six iron
banded projectiles were made up, thrce with the standard Ex 24-2
after band contour, and three with the same contour modified by a
relief groove aft of the forward 1lip (Figurc 15, appendix (E)), to
reduce barrel strain, Thesc werce fired for rccovery along with
three gilding metal banded Ex 24~2 projectiles, with the forward
band turncd down to body diameter, as is neccssary for firing in
the G-3 gun. Detailed rcsults arc given in Table II, Appendix (A),
and photographs of the rccovered projectiles are shown in Figures 5
through 12, Appcendix (E), Barrcl strain rcsults and star gauge
readings arc shown in Table V, Appendix (D),
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In view of the absence of band wear and fringing of the
recovered bands and the favorable barrel strain results a ranging
program was arranged to determine whether a non-failing band would
glve improved range performance in the G~3 gun, which had never
performed with satisfactory accuracy using gilding metal bands.
Twenty iron banded projsctiles (Ex 24-2 contour) and twenty standard
Ex 24~2 gilding metal banded projectiles, with the front band turned
down, were fired alternately in this program, the detailed results
of which are given in reference (f), and a suumary in Table IV,
Apperdix (C),  Briefly, the D/R for the iron banded pro jectiles
averaged ,45%, and for the gilding metal banded proiectiles 2,202,
The average ranges wore 14098 yards and 14036 yards, respectively,

5. DISCUSSION:

On the basis of the results described, 1% would appear that
the only objection to the use of the ingot iron band would be its
Possibly deleterious effcet upon gun life. This should certainly
be investigated, and more information on range results simultane-
ously obtained, Furthermore, it would be most interesting to
determine whether a gun fired with non-failing bands would develop
the spiral wcar observed hitherto in the 3%/70 guns,

The range results obbained so far are surprisingly good, as
regards dlspersion, It is not easy to see why there is not a
greater range differcntial botween projectiles with the two types
of bonde Posslibly this is to be attributed to the greater rough~
ness of the iron band, The recovery rcsults lend support to the
bzlief that the band wear observed with gilding nmetal is caused by
local frictional henting of the band to a temperature near the
melting point, with consequent loss of strength, rather than any
effect of abrasion or gas erosion,

It 1s planmned to conduct firings with iron banded pro jectiles
in other 3"/70 guns with disappcaring and with trpered-depth -
rifling, No non~failing band has yet been fired in these guns,
and 1t 1s conceivable that with such 2 band, muzzle stralns nay
rerch undesirably high valucs, If not, range data will be obtained
for these guns also,

CONFIDENTIAL
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CONCIUSTIONS

TE,
6. a.. It is possible to fit a 3"/70 projectile with a soft irom—
band using precisely the same method of manufacture as for a
gllding metal or copper band, The hardness of such a band 1is
approximatcly the same as that of a gilding metal band,

b. “Armco ingot iron bands of the standard 3"/70 Ex 24-2
contour, fired from the 3"/70 gun Type G-3, showed no band wear.
Similar gilding metal bands were almost completely worn awiy. As
a consequence, the iron bands showed considercbly less tendency
to fringe..

c. Barrel strain valucs arc little if any higher for iron
bands than for gilding mctal bands,

d, On the basis of a renge test in the -3 gun of twenty pro-
Jectiles of each typc, thc iron banded projectiles gave an average
D/R of .U45% and the gilding mectal banded projectiles gave 2,207,

PART E
RECOMMENDATIONS

7. Sincec the major uncertainty about the iron brnd 1s its cffcet
upon gun wear, 1t is recommended that the Burcou of Ordnance teke
steps to obtaln a sufficient number of iron banded 3"/70 pro-
jectilcs to perform a life test on at lenst two barrels. These
projectiles should be similar to thc Type Ex 24~7, except for
band material,
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The tests upon which this report is based were conducted by:

Rs D+ CROMWELL, Plate Fuz¢ Battery Officer o~
Terminal Balllstics Department L

D. C. CAIN, Hcad of Ammunition Division Research Branch -
Armament Department T

R. B. BUTLER, Hecad, Design Branch g

Terminal Ballistics Department

This report was prepared by:
R. 1. LYDDANE, Director of Research,
Terminal Ballistics Department
R. B. BUTLER, Head, Design Branch
Terminal Ballistics Department

This report was rcvicwed by:
R. H. LYDDANE, Director of Research,
. Terningl Ballistics Department

W, B. ROBERTSON, Licutcnant Commander
Terninnl Ballistics Batteries Officer
Terninnl Ballistics Department

R. T. RUBL#, Licutcnant Commander
Terninal 3allistics Officer
Terninnl Ballistics Department

C. C. BRaMBLE, Dircctor of Research, Ordnonce Group

APPROVED: IRVING T. DUKZ
Rear Admiral, USN
Cormander, Naval Proving Ground
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C. T. MaURO
C~ptnin, USN
Ordnance Officer
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TABLE ITI

Tensile Test Results - Armco fron Used in Test

YQ S. T. S.
(D,5.1,) (P.S.l.) 4 El, % R._A.

20,000 38,800 49.5 76.2

Chemical Analysis - Armco ITron Used in Test

C Mn P S Cu Al
.025 .08 011 024 <10 . 006

Hardness Results

Rockwell 15-T Scale

Before Firing After Firing
Grooves Ridges
Gilding Metal Bands 81(79-83) 79.9(74-83) 80,4(79-84)
Armco Iron Bands 83(82~-84) 83.5(80~86) 82,9(80-85)

Hardnesscs of Gilding Metal Commonly Used for
3"/70_Rotating Bands

Manufacturer Hardness—~Rockwell 15-T

Kelscy Haros 84,1

Bethlehem 81.5

Lansdowne Co. ' 83.4 & 82,6

Midvale 80.8

Motor Wheel 85.3
]
d

CONFIDENTIAL

SECURITY INFORMATION APPENDIX B




D XIANEAY NOILVAHOJNI X1I¥NDIS
TVIINEAIJINOD

*88°T 03 16° Woay oIuvd 6Yy3 UL SuM 3593 SIYL
03 Jotad poatry serrzvefodd 04/,¢ UITA £69V2 *ON ¢ PoA O oddl uny JoJ ¥/q & oFsiaay <g
*seot329ofoad popusq Tvjzow JUrpITd Y3TM AT03BUIE]TV PoITJ odom saryzoefoxd pepusq uwoly °%
*ort300foad Jo jy3tom *+sQT 00ST DUG *oe8s/ *3J Q0PC O3 PoO3ooII00 soucy ¢
*T~0d¥+{ *SqQ[ 98°6 :03auyd °*Z
*3593 JO 34935 38 YST £°82% PBU C6HP2Z *ON ¢ PO H odhl unp %

t s930N
0z*2 9¢0%1 *3ay
G§9°2  OLETFOL6ST  LL°2Z  9TF2S 988F0P62T £T607S " " S 1561 dos 01
04°2  6LEFPSOPT  2T°¢ PFISZ  OFVFIOTIHI 11F8T%S " u g
$9°T  0£2¥620%T 6%°T  42¥822 TIZFLITHT SIFvebe u a g
08°T  €S2FLLOVT 88T  OIFFPST  992FL2IFI PIFITIFE T8N JuIpitd g 1661 dos 8
<3724 8601 *3ay
9 8STFFPE6ST TH“0 02¥82 8SFHIOVT PF92He u & ¥ 1861 des Ot
9g* 22TFL2TPT  S4°0  QIFO¥PZ  SOTFTI6IPI L¥S2ve " n 9
0z2* 02F2TITPT  22°0 T11I¥222 SYFE622H1 SITOVHE u @ S
e BPFIHPIFL  1£°0 6FS6T PFOV VT 9FEEeVe uoJl OouWxy g 1661 deS 8 x
(%) el @ (e ("ph)”  TT9%/7ad) pucg  Spunoy oy e¥ea
q/a o3uwy q/a 1312d eduwy ‘AN

Po300IL00 pego sxaooup

spuvg [©3e[ SUIPITH PUT UOJI YITA
seyteoeload 2 PON 2 X¥ 0/, JO JuTIuvy PUV UOTIVUTWISZ6(Q ©63IGYD

AL J19YL

- - - -
" e e e s M = s e ww wm m em e . * am em e e e e e e e A e e - w vs e W S W W e e W e - - - -

968 °“ON ZYOdEM HIN spuvg 3ur3vloy UCIL odwxy yzis seyrzvefoad vy oL/,e Jo asel TVIINIAIANOD

gy S

5 <
W AT A IR




e —

d XIANE44V 1
(0344 s8v 3 72°] 066
oey esv S99 1537 STL 068
103587 0LY 14153 72 SLY 09¢ OLPT
(03447 osv 08s g0zt
S¥Y S8v 0SS 022y
09% 80§ S99 STel
S2v 067 08s €921
SSy 00s §29 0001
0sv S0S 06S S001
099 S63
059 004
049 004
0§89
oz2L 0S.L
nes38Id Ywod nwe3sId jvad ns6381d Xvog
w2l 2T &I9 W19 01 W01

(ut/eut *0X0T,{) O[ZIZNJ WOJJ S0UTESTE UTBJIZS

26PF2Z *ON € PO H edAJl UNH UT SGUBWSJINSTVO,{ UTBIFS [OI18g

A T8V

A I R . T R N . T T T R - - e e e m e e e

968 *ON I¥OJIH HJN spuvg JuTquvioy UOIL oouldy Yzim seyyzoefoad vy 0L/ 4E Jo 3sey

ROILVNMOJNT ALI¥OD3S

TYIINZATINOD

£02
209
109
009
666G
86S
L6S
96S
S6S
T-1-22L
€-0-22%
1-0-224
19§
08§

E
1t

- e em  m= a

equmy
qoeloag

- am we e

TYIINIAIINOD

.




a XIdNdaay 2 NOILIVNHOSHI ALII¥ADES

TYIINIAIINOD
dn x 210 ST10° L10° 200° 200°* $00°
uod X 2104e »1I00S G105 20038 20048 F00%E g 6.8 1561 desS 61
dn x 210° 810" 910° 200°* 100" £00*
) uro(d X eT0%e 2TO%E ST0%LS TOORE 2004,¢ gooLe g*g2g 1861 9nv o1
ot ednsp Jo IV 421 33V .1 e1zzny P 21 pud T utdtaQ 4s3 pe3usy
uor3Isod 23sQq

6552 *ON ¢ PONA D edAl und Jo vysQ odnsdh 183§

(ponutguod) A IV

- e W e ew s e e e e e @m em e W me W e e = A e m = e S S e e e = S & =

W W w W S W Gn @ e M e M M N WM S e e

969 *ON I¥OdT 9JIN spusg Burywzoy UOJII ooway Y3Im serrzoefold vv OL/.g 3o 3Isel TYIINIALINGD




g
-y

4
h

it TR

bl
[ Y

abi @T ~

| L

- §

%

B

- #

i ’ "é

X A

& g

J

— Tt
— Aﬂ./‘n’a‘ﬁ"\-—-— M
Gilding-Metal Bands Armco Iron Bands

NP9-45527 9 March 1951 CONFIDENTIAL

Photograph of 3"/70 AA Projectiles Type Ex 24 Mod 2 with two
1" bands, before firing.

Fisure 1

——




NP9-45528 20 April 1951 CONFIDENTTAL
Photograph of 3"/70 AA Projectile Type Ex 24 Mod 2, modified,
with Armco iron band before firing.

Figure 2
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NP9-45529 9 March 1951 CONFIDENTIAL
Photograph of recovered 3"/70 AA Projectile Type Ex 24 Mod 2

with two 1" Armco iron bands.
Figure 3




NP9-45530 9 March 1951 CONFIDENTIAL
Photograph of recovered 3"/70 AA Projectile Type Ex 24 Mod 2
with two 1" gilding-metal bands.
Figure 4
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NP9-45531 20 April 1951 CONFIDENTIAL
Three views (120° apart) of recovered 3"/70 AA Projectile
Type Ex 24 Mod 2 with groove aft of forward 1ip in Armeco iron
rotating band. Projectile No. 595,

Figure 5
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CONFIDENTIAL

Projectile

20 April 1951
Three views (120° apart) of recovered 3"/70 AA Projectile

Type Ex 24 Mod 2 with Armco iron rotating band.

NP9-45534
No. 598.

Figure 8
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NP9-45535 20 April 1951 CONFIDENTIAL

Three views (120° apart) of recovered 3"/70 AA TProjectile
Type Ex 24 Mod 2 with Armco iron rotating band. Projectlle
No. 599.

Figure 9
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NP9-145536 20 April 1951 CONFIDENTIAL
Three views (120° apart) of recovered 3"/70 AA Projectil.
Type Ex 24 Mod 2 with Armco iron rotating band. Projectile
No. 60C0.
Figure 10
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20 April 1951
Figura 12

Three views (120° apart) of recovered 3

1:*,%6;" ht“h -
Type Ex 24 Mod 2 with gllding-metal band.
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NPG REPORT NO, 896

W W e s R e WG P S e e e S mid s ey w

Wire Tmpression Method of Determiq;ngAgglg

Two screens are sct up 4155 apart, each screen consisiing of

a metal frame with wood inserts, holding an array of parallel @::

equidistant vertical copper wires, The spacing of tne wires is =
l 2" for the first scrcen and 3/4" for the second, The projectile "“3
1s fitted with a flat-nosed dummy nose plug or the equivalent, so .
that after passing through the screens it bears two sets of ¢
lmpressions of the wires, The angle between the two sets of o
iopressions is measured and from this measurcment the rifling of
the gun, the muzzle velocity, and the veclocity a2t the spin scrcens,—
i1s computed the percentage of nominal spin., It 1s assumed that
aver the short distonces involved the spin retardation is negli-
gible,

APYPENDIX F
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